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Improved salp swarm algorithm based on hybrid strategy

LIANG Cheng-long"?, CHEN Zhi-huan"-*'

(1. Engineering Research Center for Metallurgical Automation and Measurement Technology, Wuhan University of
Science and Technology, Wuhan 430081, China; 2. Institute of Robotics and Intelligent Systems, Wuhan University
of Science and Technology, Wuhan 430081, China)

Abstract: Aiming at the shortcomings of salp swarm algorithm (SSA) in solving complex optimization problems, such
as easy to fall into local optimization and low convergence accuracy, an improved salp swarm algorithm (ISSA) based
on hybrid strategy is proposed. Firstly, Sobol sequence is used to initialize the population of Tarpa scabbard, making the
initial population more evenly distributed in the solution space, thereby improving the global optimization ability of the
algorithm. Secondly, in the leader position update stage, a step size control factor is introduced to automatically adjust the
leader’s search range according to different optimization periods, effectively balancing the global search and local search
of the algorithm. Then, an improved lens imaging strategy is used to map leaders to avoid the algorithm falling into
local optimization. In addition, in the follower position update stage, an autonomous selection following mechanism is
introduced to improve the blind obedience of the follower to improve the convergence accuracy of the algorithm. Finally,
compared with other representative optimization algorithms, simulation experiments are conducted on 12 benchmark
test functions, and Wilcoxon rank sum test is conducted. The experimental results show that the ISSA proposed has
significant improvement in convergence speed and accuracy, and has better optimization effect and stability compared
with other optimization algorithms. In addition, two engineering design case experiments are conducted to further verify
the feasibility and applicability of the proposed ISSA.

Keywords: salp swarm algorihtm; Sobol sequence; step size control factor; lens imaging; adaptive follow; Wilcoxon

rank sum test
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Ave 0 57.0442 89.776 17.6108 48.124 8 25.769 8
” Min 8.881 78e-16 1.502 61 3.603 1 4.919 84e-09 8.88178e-16 4.25903e-09
1 Ave 8.881 78e-16 2.54253 4.92134 8.313 18e-09 1.13878 5.951 68e-09
P Min 1.74511e-10 2.35295 1.76128 1.7058 0.135558 0.220 822
11
Ave 5.92429¢-08 6.81582 4.87472 2.763 85 0.391 664 0.497 873
» Min 3.444 51e-10 0.0448725 1.45502 0.0053713 0.281615 1.88836
12
Ave 6.436 85e-08 19.0814 19.962 1 3.01602 0.833 04 2.31167
10" 10" 10
e 10 — SSA
— ISSA
SCGSA
107" 107" . —
5 5 5 10 =N
2 2 S ~_ |
= 107 2107 —ssA o
(53 (53 — SA g 10\)
© o AWPSO o
-50 -50 o SB%GSA
10 10— BOa
0 100 200 300 400 500 0 100 200 300 400 500 10 0 100 200 300 400 500
BRI BRI BRI
(a) F, (b) F; (c) F;
4 5 10
10 — SSA 10 10 — SSA
— ISSA — ISSA
10° AWPSO 10° . AWPSO
- —SCGSA | ~__ | _10 —§CGSA
S ~. — BOA S s | S — BOA
¢ 10 - 10 :
o ~ o o 0
({J : SSA i 10
- —2 -~ -10 —_— -
3 10 ‘\R\x\—‘—\; 8 10 —ISSA 3
© © __50asK © 0
10°* 10°°F BA
— BOA
107 107 "
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
A€ IR EL AR EL
(d) F, (e) Fi (f)y F,
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i S AT 1 e 5 B DR T 26 W1 B L E WL, HLRE
H IS AU G I Fr 8 30 42 K 2 2k Kb, ISSA
(IS SIS FE 2 RESR T L+ B 2, R W 5N et
SR BEAT R TS (10 SO0 1k e DALk Ry s e
fIRES). Bk L7 ISSA ISt £ s 67 T 53 1 LA
SRS SR 2R 1K) R 7, AR W ISS A FE $i e S HiT I T

KAESI MR, ORAE 75 I RA RIF IR RRES). 2
IEARRBOM [FI I, ISSA B A B e AR WA S50KS 2 AT 8
L.
33 BEREMSR

N T 3 M ISSALE I Bt b Kb RS E PEAR I, 1 5
25 T BB BRI 30 YRS (R B o A L.

x10° x10°
[ 3 5F
300 T +
- i 4t
I i 2 :
200 | i 3l
2r _
100 ; 1 .z
4 1 % =5 1t v .
or —+— —+ = = 0t — _ oF — E - & S —
ISSA SSA AWPSO SCGSA BA BOA ISSA SSA AWPSO SCGSA BA BOA ISSA SSA AWPSO SCGSA BA BOA
(a) F, (b) F, (c) F;
200 |20 50t T
+ I |
16 L i |
1507 - 40 i 3
+ R 12 E 30t
100 [ T I -
! . . 8 B i 20t
50T 1 % %l 4 4 E| == 10} ; T
o N Y £ = ob . T 4+ B — =
ISSA SSA AWPSO SCGSA BA BOA ISSA  SSA AWPSO SCGSA BA BOA ISSA SSA AWPSO SCGSA BA BOA
(d) F, (e) F, (f) Fi,
5 BiXRMEZE
2 WilcoxonFk LG4 R
ISSAvsSSA ISSAvsAWPSO ISSAvsSCGSA ISSAvsBA ISSAvsBOA
Function
(P-value) (P-value) (P-value) (P-value) (P-value)
Fy 3.0199e-11 3.0199e-11 3.0199e-11 3.946 6e-04 3.0199e-11
Fy 3.0199e-11 3.0199e-11 3.0199e-11 0.0079 3.0199e-11
F3 3.0199e-11 3.0199e-11 3.0199¢-11 8.480 8¢-09 3.0199¢-11
Fy 3.0199e-11 3.0199e-11 3.0199e-11 9.459 8e-06 3.0199e-11
Fs 0.00128 3.0199e-11 0.6414 4.504 3e-11 3.0199e-11
Fg 0.0733 3.0199e-11 3.0199e-11 1.286 0e-06 3.0199e-11
Fr 3.0199e-11 3.0199e-11 3.0199e-11 1.287 0e-09 3.0199e-11
Fg 1.211 8e-12 1.211 8e-12 1.211 8e-12 1.945 7¢-09 1.211 8e-12
Fy 1.211 8e-12 1.211 8e-12 1.204 9¢e-12 4.573 6e-12 4.785 6e-08
Fio 1.211 8e-12 1.211 8e-12 1.211 8e-12 6.247 0e-10 1.211 8e-12
Fi1 3.0199e-11 3.0199e-11 3.0199e-11 3.0199e-11 3.0199e-11
Fio 3.0199e-11 3.0199e-11 3.0199e-11 3.0199e-11 3.0199e-11
+/=/- 11/1/0 12/0/0 11/1/0 12/0/0 12/0/0

B 5 AR Z B AT LA i ISSA 72 K 2 40K
BB IR AR AR FE HRR R 30, A e 1
B 4, X b At S vk B O i SIS
3.4  Wilcoxon Bk Fn& 56

NTFIBIISSA MR IR R R GG % L]
FE HAFVEAFE, AR EEKTP = 5%, 18

1730 R AR TEE R, 5K F Wilcoxon % 1A 46 36 41E ISSA
5 HAh It R &R EER 2 5. 24 Wilcoxon £ 5 it
HH T PAE/N T 0.05 B, AN SLIE B ot 2
BB 2 R, BN EE R £S5
“gre e o RIFRORISSAMEREIL T A T AT
X, 45 Rk 2 iR, /£5 AWPSO. BA. BOA
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N

*x R %39%

Fxf b, PAE3I/NT 5 %, 755 SSA . SCGSA [ Lt
B IHTE 1A R B B e B AR T XS BB, 1A R
B EERE S X L SRAR 2. Sk A, ISSA 5 HAh )L
FEEEG 2 E A BEE R, BRI S
R
3.5 MAEsHrHEF

T S E LR VP ISSA RN bR £ 1)
T, K15 48 %617 25 (MAE) 48 b5 %5 ISSA A Jz H
i JURR AL S AT VEAL AIHE Y . MAE B 1H 5 A 2
o

Ny
1
MAE = — s — 1. 21
Nf;u £ @1
Forbt: Ny AR kB8 A 15, f RS Sk
F 56 A BB R EL I P L, 7 o i A B B

MG RAE. K34 T MAEJShRHEF 4 3. %3
A LU H: ISSA ) MAE B 5/, 7 & Bk R HE4 28

1% BT At LR DA Bk B I R AL 55, S 1
ISSA A R AN kA

# 3 MAEIEHFRHRE

ok MAE 4
ISSA 1.4353 1
SSA 134.407 5 5
AWPSO 137.37534 6
SCGSA 92.3912 4
BA 27.2919 3
BOA 6.3469 2

3.6 BUHRESEYIME ST

N TR IE AR S P A H A [ SO SR e BE I
PERE S A F2 B2, 4 R 5] B K R 7 11 SSA id i
SSA-1, R 5 N B % 58 A4 52 5 1Y) SSA 1t N SSA-
2, HBI N H FIBBEHLHI ) SSAC N SSA-3, 7E [FIFE )
Sobol [7* AT GE A 2641 T, 75 B eR 350 b R AT 07 H 5k
5, I A5 R 4 P,

T4 NEIBEREEMREER

Function Performance ISSA SSA SSA-1 SSA-2 SSA-3
Min 2.634 05e-57 3.071 74e-08 3.209 73e-28 1.105 86e-32 6.046 32¢-20
Fy
Ave 8.713 5e-53 2.58971e-07 3.593 87¢-28 1.711 74e-32 2.446 03e-17
Min 1.246 4e-29 0.0879794 7.30228e-15 4.401 53e-17 2.583 76e-11
Fy
Ave 8.211 25e-28 2.03068 8.738 25¢-15 5.671 5e-17 7.688 58e-10
Min 4.266 54e-56 399.631 4.07495e-28 1.208 73e-32 4.961 34e-19
F3
Ave 3.57039e-51 1268.03 8.888 1e-28 6.093 03e-32 8.96347¢-14
Min 3.863 92¢-29 2.8827 6.000 72e-15 3.06342e-17 1.514 64¢-11
Fy
Ave 8.15337e-28 11.951 6.33825¢e-15 4.87223e-17 6.553 72¢-10
Min 5.856 07¢-08 22.0975 28.8642 28.8663 8.665 05e-07
Fy
Ave 17.2236 281.215 28.9216 28.9332 17.164 9
Min 1.75553e-10 2.57939¢-08 5.22342 5.03893 6.36141e-10
Fs
Ave 5.584 76¢-07 2.02696e-07 5.564 34 5.91949 3.32972¢-08
Min 9.143 05e-06 0.0533564 3.33648e-06 2.16577e-06 1.058 56e-05
Fy
Ave 7.204 72¢-05 0.15842 9.943 47¢-05 6.223 61e-05 0.000 122367
Min 0 0.00041628 0 0 0
Fy
Ave 0 0.021054 8 0 0 1.22125¢e-16
Min 0 159193 0 0 0
Fy
Ave 0 57.044 2 0 0 0
Min 8.881 78e-16 1.50261 4.440 89e-15 8.881 78e-16 8.818 72¢-12
Fio
Ave 8.881 78e-16 2.54253 4.440 89e-15 8.881 78e-16 4.27779e-10
Min 1.745 11e-10 2.35295 0.317511 0.523 348 1.975 04e-13
F1
Ave 5.92429¢-08 6.81582 0.624 479 0.686 046 7.792 13e-09
Min 3.444 51e-10 0.044 8725 2.38715 2.898 09 8.062 04¢-09
Fia
Ave 6.436 85¢-08 19.0814 2.89096 2.9877 1.242 58e-06
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B3 4 0] DUE H: 6 T K 43 o6 B0 5, 20 K85
i1l ER] - 0 533 O B AR SR 1Y) 5 N R T AR T
(4 T BE K — 26, [ S i SR R 28R A Ik 2, (LA
5T FRAE SSA, SSA-3 USRS B th A BRI B 1 2
Tb. FERELFs Fg« Fip Fio b, 24 SSA-1. SSA-2 3R
ANB BT, SSA-3 RAEAEF, A AT T Bk ERE. A
RIS, Bl T 2 Rl SRS R ISSA, 45 & 7 AN 5
W PRI L, X6 B BB KR i T, WA SOk A AR e
PEER R I T

4 TRERITEE Lo

N T BB UE ISSA T [R5 44 SRR v @ 1)
AR, AR S £ PR P 48 BT TR R ) R R B
HEATI, IS HAR RO L.
4.1 Z=MHIZRIEITEIRE

DA AT HT AR 45 ) I S0 52, H b A 16 3 2 T
2 S A BN LT (AT SR B /. T TSR B AT
1 54F 3 0K, 12285 10 A% B JUEURF 1R 2 B 488 1 T AR
Ai Ao, B A @1 2o, BUFRHRNTR:

min f(z) = (V221 + x2)l; (22)
V2z1 + 29

st.gi(z)= —~——1""2 p_5<0, 23

g1(7) NI 2r12st (23)

g2(x) T2 —0<0, (24)

B V22 + 2m1m2p

1
g3(z) = —— p— 6 <0, 25)
() Ty + V229

He:l = 100em,0 < z; < 1,p = 2kN/em?,0 =
2kN/em?. £5 R UK 5 iz, ISSA T SSA £ 3K fiff 1% 7]
RO, B TS b B v B A A 5 SR

x5 ZAHIZRIROHEIRINIA SR

Hik T1 T2 f(z)
ISSA 0.78842 0.408 11 263.8523
SSA 0.788 42 0.408 11 263.8523
AWPSO 0.786 35 0.41398 263.8546
SCGSA 0.788 19 0.408 72 263.8525
BOA 0.7882 0.409 5 263.8959

42 REEEFIEE

PAr s 558 S5 R N BIE S0 R, H AR AR 2 4R
Z A AR IR R /D Z SR RN R R E
12 d, P32 [l B A% D, G 3 & BIEE N, 75 e N 2
To w3, BUFRAIGNT

min f(x) = (23 + 2)z20%; (26)

3
BT <o, 27)

t -1l o
stgi(w) 7178527

437% — XT1T9 1
_ —1<0,
920) = 15566(zpz® — 27 | 510827
(28)
140.45z
ga() = 1= — 5= <0, (29)
2
%ung%%Q—lgo. (30)

Hrb:0.05 < 21 € 2,025 < 25 < 1.3,2 < 23 <
15. 45 AN 6 T 7, ISSA W47 [T 30 38 Ve 1 1) ALK AR
A RCRA T Fe AT LG SR,

F 6 RIEHEFGIEIFNIRGE R

ik @1 T2 T3 f(=@)
ISSA 0.0506 0.3301 13.0331 0.012 68
SSA 0.05 0.3173 14.0498 0.01273
AWPSO 0.05 0314 14.4869 0.01294
SCGSA 0.05 03137 14.5458 0.0127
BOA 0.0835 1.184 5.09 0.0129

25 L ATIR, A SCATHE H A ISSA TE fif v Sz s T2
I 8 H B A L A B9 8 4 Ay 5 R B0 E T e B
VEAE TN 52 2% AR il /B 2 A 00T AT ).

5 & @

ARSCHR T — P VR B SRS S0 (1 R
597 (ISSA). K H Sobol /7> #1118 g 5 Fh A E 4T W1 46
A, BY 58 T BLVEHTUR TP (1) 22 B 14 A0k g 78 405
AL EEF BN T K A RO T
SRV TR TSR R PR R 775 >R FH S0t 1) 325 55 AR 5 s
Xof A0 A B AT WS, 15 3 e 1m) A, A AR e T
SV SR 8 e I A Bl 2 o L R R O s B
FIEFENLE], S TIB R I E W, B — R T
SRE B SIORE B2 . 76 12 DU R 250 E AT 7 EL SR 5G,
K F Wilcoxon FRAIS: 46 0} 503 (i 2 M 7K~ 3047 B8k,
FHH MAE fa b5 0} A REREAT PEAL. S50 45 SRR 9,
R SCHRE H I S SAA AR  T RR  FE RE A
R k. fa, B AT QIR TR BT S, 0 AIE
T ISSA FH 52 2% 1) T AREARAK 7] SR Mt 1 2k k.
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